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1	Introduction
In order for the better performance from the receiver diversity for example, 4 Rx for handheld UE has been introduced from the begining of NR (Rel-15), and 8Rx followed in Rel-18 for FWA/CPE/Vehicle/Industrial devices. In addition, in Rel-19, a new RAN4 Work Item was approved in RAN#103 having the objective of 6 Rx including handheld UEs [1]. Based on the WID [1], RAN4 is supposed to specify the core requirements to enable 6 Rx for higher frequency bands (>2.5GHz) targeting at NR FR1 single carrier scenario as below:
	6Rx for handheld and FWA UE
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.



In this contribution, we would like to provide our views focusing on MIMO layer under 6Rx objectives, which need further discussion on the feasibility/justification based on the antenna correlation analysis with form factor constraints from the perspective of practical scenarios/devices.
2 Discussion
In RAN4#110-bis, RAN4 had the first discussion on the Rel-19 UE RF WI, and following agreements and way forwards on MIMO layers were approved in [2]:
	Sub-topic 3-1:	MIMO layers to be discussed in RF or Demod session?
Agreement: Number of MIMO layers will be discussed in the RF session with involvement of Demod experts.
Sub-topic 3-2:	MIMO layer support
Way forward: Further discuss number of MIMO layers support for FWA devices and handhelds considering the following aspects:
-	antenna correlation analysis based on form factor constraints
-	performance simulation in comparison with 4 MIMO layer considering possible implementation constraints



As mentioned in the WID [1], RAN4 first needs to study the gain and feasibility of 6 MIMO layers in addition to existing 4 MIMO layers considering practical form factors and implementation constraints. Before making any progress on the 6 MIMO layers, the study of antenna correlation and performance comparison with 4 MIMO layers should be preceded as noted in the WF [2].
Observation 1: RAN4 first needs to study the gain and feasibility of 6 MIMO layers in addition to existing 4 MIMO layers considering practical form factors and implementation constraints.
In general, 6Rx itself is simple if a device has ‘any space for more antennas’, e.g., 2 more antennas for 4 Rx support UEs, considering the diversity mode only. However, it could be a different story when it comes to ‘enough space for more layers’ in terms of its performance benefit. The gain of supporting higher layer is pretty much dependent on the technical/physical factors such as the relationship between the Rx antennas, i.e., isolation, correlation, multi-band support, etc., and the factors also include the device form factor to secure the relationship between the Rx antennas. Otherwise, it would be meaningless for the UE to support the higher layer any more. 
Observation 2: It would be a different story between ‘any space for more antennas’ and ‘enough space for more layers’ for handheld UEs.
For the initial study, a simple simulation work is conducted to check the expected antenna performance for 6-layer support as below. It should be noted that the preliminary simulation work in Table 1 is an example limited to the relative antenna gain between 6 antennas based on the legacy 4Rx architecture without further optimization.
Table 1: Relative antenna gains for 6Rx support (dB)
	Band
	Freq. (MHz)
	Ant 1
	Ant 2
	Ant 3
	Ant 4
	Ant 5
	Ant 6

	n41
	2496-2690
	0
	-0.4
	-0.5
	-3.9
	-5.9
	-14.3

	n77
	3700-3900
	0
	-3.2
	-3.6
	-4.7
	-5.5
	-6.7

	n79
	4600-4900
	0
	-0.1
	-1
	-1.3
	-3
	-9.3

	n104
	6425-7125
	0
	-1.3
	-1.5
	-5.8
	-7
	-8



As shown in Table 1, if legacy 4 antennas are kept, i.e., Ant 1 to 4, and their performance are the same, the newly added 2 antennas, i.e., Ant 5 to 6, might have much lower performance. Then, it can be considered that such higher MIMO layer does not help to increase the throughput gain as it will lead to the lower order MCS than the legacy MIMO layer case practically, e.g., 64 QAM 4x4 to 16QAM 6x6. Also, even if it can be further optimized by considering 6 antennas together, the legacy antenna performance will be degraded since we observed that the antenna isolation of some pairs between antennas is even less than 10 dB assuming that the same UE capability and form factor, which has no benefit from the additional efforts.
Observation 3: Higher MIMO layer does not help to increase the throughput gain as it will lead to the lower order MCS than the legacy MIMO layer case practically.
Observation 4: Legacy antenna performance will be degraded since we observed that the antenna isolation of some pairs between antennas is even less than 10 dB assuming that the same UE capability and form factor, which has no benefit from the additional efforts.
Therefore, it should be concluded that the handheld UE with a normal smartphone form factor does not get the full technical benefit from the 6 MIMO layers with 6 Rx antennas, while it rather has a significant impact on the existing 4 Rx performance due to the change of their isolation. It may need further evaluation for larger handheld form factors, e.g., folding types of UEs. However, even if considered, it should be noted that they seldom use multiple RF circuits in each fold dues to RF connection loss and design complexity. In our view, it should be limited to FWA UEs that may have ‘enough space for more layers’. 
Observation 5: Even if larger handheld form factors are considered, it should be noted that they seldom use multiple RF circuits in each fold dues to RF connection loss and design complexity.
Proposal 1: 6 MIMO layers can be considered restricted to FWA UEs only.
3	Conclusion
In this contribution, we focus on the MIMO layer evaluation for 6Rx UE under 6Rx objectives. Following observations and proposals are provided to be considered by this meeting. 
Observation 1: RAN4 first needs to study the gain and feasibility of 6 MIMO layers in addition to existing 4 MIMO layers considering practical form factors and implementation constraints.
Observation 2: It would be a different story between ‘any space for more antennas’ and ‘enough space for more layers’ for handheld UEs.
Observation 3: Higher MIMO layer does not help to increase the throughput gain as it will lead to the lower order MCS than the legacy MIMO layer case practically.
Observation 4: Legacy antenna performance will be degraded since we observed that the antenna isolation of some pairs between antennas is even less than 10 dB assuming that the same UE capability and form factor, which has no benefit from the additional efforts.
Observation 5: Even if larger handheld form factors are considered, it should be noted that they seldom use multiple RF circuits in each fold dues to RF connection loss and design complexity.
Proposal 1: 6 MIMO layers can be considered restricted to FWA UEs only.
Reference
[1] RP-240828	New WID: UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4
[2] R4-2306585	WF on requirements for 6Rx
